Introduction: There is little information available on the clinical aspects, results, treatment and management of cardiac catheterization-related retroperitoneal hematoma. Data on the subject are rather limited, and current publications are based on a limited number of retrospective cohort studies and case reports.
Introduction
Retroperitoneal hematoma (RPH) most frequently occurs as a complication of femoral arterial catheterization and pelvic or lumbar trauma. The number of serious extra-cardiac complications has been increasing in relation to the number of complex percutaneous coronary interventions (PCIs) performed. Major hemorrhaging complications, which are among the most common post-PCI complications, are associated with prolonged hospitalization, morbidity, and mortality risks [1, 2] . Although some studies have reported that the incidence rate of post-PCI RPH varied from 0.4% to 0.74%, the actual incidence rate could be higher because of unreported or undetected cases [3] [4] [5] .
Contrary to other hemorrhaging areas, the retroperitoneal space can contain a large volume of blood until hypovolemic symptoms appear, an event that could lead to delayed diagnosis, morbidity, and mortal results [5] . Although there have been a number of studies on post-cardiac catheterization (post-CC) complications, the studies on RPH have been limited. As a result, a suitable treatment for RPH patients has not yet been well defined.
Aim
The aim of this study was to apply a case-controlled study design in an analysis of the clinical reflections of RPH, treatment procedure determinants, and factors affecting mortality at a single center.
Material and methods

Study design
This retrospective observational study was conducted at Kartal Koşuyolu High Speciality and Training Hospital, a tertiary-level training and research hospital. Informed consent documents were obtained from all the patients covered by the study for pre-procedural diagnosis and interventional coronary catheterization. Following the approval of Kartal Koşuyolu High Speciality and Training Hospital's Board of Clinical Research Evaluation (Registration No; 2016.5/7-18), patients with CC-related RPH were included in the study.
Study population and categorization
Inclusion criteria: cases with RPH following CCs that were conducted at our center between January 2010 and October 2016.
Exclusion criteria: cases with RPH unrelated to CC and patients with incomplete records.
The patients were divided into three groups depending on the method of treatment. Patients who received conservative treatment were assigned to group 1 (n = 51), those who had angiographic treatment were assigned to group 2 (n = 9), and those who underwent surgical treatment were assigned to group 3 (n = 8). The diagnostic procedure scheme is shown in Figure 1 . The subgroup analysis was conducted in two groups: those with mortality (n = 14) and those without (n = 54).
Vascular closure devices
A Bioabsorbable Polyglycolic Plug (EXOSEAL, Cordis Corporation, Bridgewater, NJ, USA) or a sutured (Perclose ProGlide; Abbott Vascular, Redwood Shores, Calif.) vascular closure device (VCD) was used to repair the femoral artery puncture defect depending on the operator preference in selected patients.
Data
Data for the study were collected using standardized definitions and a non-standardized data collection form.
Data on the patients' pre-CC age, sex, comorbidity, CC indication, weight, body surface area, body mass index (BMI), left ventricular ejection fraction (LVEF), laboratory analysis results (hematocrit (hct), creatinine (cre), platelet (plt)), and antiaggregant and/or anticoagulant treatments were recorded.
The post-CC time of RPH diagnosis, laboratory analysis results (minimum hct and plt levels, maximum cre level, and the amount of hct decrease), the maximum size and localization of the hematoma as shown by abdominal computed tomography (CT), the need for blood transfusion, duration of hospitalization, and mortality cases were also recorded.
All the data were recorded in Excel tables without any identifying information in order to maintain the anonymity of the patients.
Statistical analysis
Statistical Package for the Social Sciences (SPSS 22 Inc., Chicago, IL, USA) software was used for the biostatistical analyses. The data of the patients included in the study were reported in mean figures, standard deviation values, and percentages where necessary. The distribution of data was assessed by the Kolmogorov-Smirnov test. The ANOVA test was used in multi-group comparisons of normally distributed data. The multi-group comparisons of non-parametric data were evaluated using the Kruskal-Wallis analysis. Categorical groups were compared by the c 2 test; p < 0.05 was set as the statistical significance level. At the development stage of the multivariate logistic regression model, a univariate logistic regression analysis of each variable was conducted to ascertain the candidate variables for RPH-related mortality factors. In cases where the probability value of the Wald test statistic was smaller than the level of significance (p < 0.25), related variables were included in the multivariate model. The odds ratio (OR) and 95% confidence interval (95% Cl) were calculated, while statistical significance was set at p < 0.05.
Results
Of the 124,064 patients who had CCs during the years covered in the study, 68 (0.054%) contracted RPH. An evaluation of all the cases revealed that patients with no RPH had a mean age of 59 ±6.7, while there was no statistically significant difference between them and those with RPH (p = 0.526). Along the same lines, 68.9% of the patients with no RPH development were male, while 31.3% were female; there was no statistically significant difference between them and the RPH group (p = 0.122). During the study, VCDs were used in 1325 patients in our hospital. Only 1 patient with VCD developed RPH. There was no significant difference in the use of VCD between these two groups (p = 0.745) There were 51 RPH patients in group 1 who had been treated conservatively, 9 patients in group 2 who had received angiographic stents, and 8 patients in group 3 who had undergone surgical treatment.
Baseline demographics and characteristics
Of the 68 RPH patients (mean age of 63.13 ±13.89), 41 (60.3%) were male and 27 (39.7%) were female. Indications for CC were myocardial infarction in 24 (35.3%) patients, acute coronary syndrome in 18 (26.5%) patients, stable angina pectoris in 15 (22.1%) patients, hemodynamic studies for valvular heart disease in 8 (11.8%) patients, and right cardiac pathology in 3 (4.4%) patients. Forty-six of these patients had received percutaneous coronary procedures; however, there were no statistically significant differences among the groups (p = 0.341). In addition, there were no statistically significant differences between the groups' clinical and demographic characteristics (Table I) .
The most common symptom in the patients was abdominal pain and the most common physical sign was abdominal tenderness. Symptoms and findings of RPH cases are summarized in Table II .
In-hospital outcomes
Pre-procedure (at the time of RPH diagnosis) and follow-up laboratory results of the patients revealed that the only statistically significant difference between the groups was that seen in the highest cre (mg/dl) value (p = 0.013). An examination of abdominal CT results showing the maximum hematoma sizes in patients of all the groups revealed that there were no statistically significant differences between the groups, although the sizes of the hematomas in group 3 were larger than those of the other groups (p = 0.326). Moreover, despite the fact that 21 (30.9%) patients were diagnosed within the first 24 h following the procedure, there were no significant differences among the groups (p = 0.143). The RBCPs (unit), duration of hospitalization, and rate of mortality were statistically significantly higher in group 3 compared to the other groups. In-hospital results are summarized in Table III. Five of the 8 patients who had received surgical treatment underwent the operations because of abdominal compartment syndrome due to giant retroperitoneal hematomas (an increase in intra-abdominal pressure and accompanying organ perfusion disorder), two underwent surgery because of instability following failed endovascular treatment, and one patient underwent surgery because of indications of nerve compression.
The results of the significance tests, which were conducted for the coefficients of the variables covered by each univariate model (Table IV) , revealed that age ≥ 65, chronic obstructive pulmonary disease (COPD), a mean hematocrit drop ≥ 15%, a post-diagnostic highest creatinine ≥ 2 mg/dl, RBCP units ≥ 10, a diagnosis more than 24 h following CC, and surgical treatment were found to be in a statistically significant relationship with the dependent variable. These variables were set as candidates for the multivariate model.
The results of the multivariate analysis of the RPH dependent mortality-related factors, on the other hand, through logistic regression analysis (Table V) , revealed post-procedural highest creatinine mg/dl ≥ 2 and RBCPs ≥ 10 as independent risk factors. Other variables ascertained to be significant via the univariate analysis, however, were not found to be significant based on the multivariate analysis.
The classification table, which was obtained by the inclusion of the variables covered by the mortality development model in the model, is shown in Table VI . The rate of correct classification was found to be 88.2%. Results of the Hosmer-Lemeshow test, which was used to assess the goodness of fit of the model, showed that the model was adequate (c 2 = 2.839, df = 7, and p = 0.899).
Discussion
Non-cardiac complications mostly were related to femoral artery puncture site in CCs by which the femoral artery route was used. Although its incidence generally varies according to study populations, the rate has been reported to be between 0% and 17% [6] . These vascular complications can be classified as minor or major. Minor complications include minor hemorrhaging, ecchymosis, and stable hematoma, while pseudoaneurysm, arteriove- nous (AV) fistula, hematoma-necessitating transfusion, retroperitoneal hemorrhaging, arterial dissection, emboli, thrombosis, infection, and extremity ischemia can be listed among the major complications. Hemorrhaging, the most common extra-cardiac complication observed in catheterizations using a transfemoral approach, can appear as a stable or unstable hematoma, uncontrolled hemorrhaging, pseudoaneurysm, or retroperitoneal hemorrhaging [7, 8] . Major bleeding complications are also less common in procedures using the radial artery [9] . The risk factors for vascular complications of transfemoral catheterization can be divided into two types: patient-related and procedure-related. Patient-related risk factors include female gender, low body weight, obesity, low body surface area, advanced age, peripheral vascular disease, renal failure or increased cre, and low plt count [10] . Procedure-dependent factors include high-dose and long-term anticoagulant administration, thrombolytic agent administration, glycoprotein (Gp) IIb/IIIa inhibitors (especially abciximab), wide arterial sheath, simultaneous multiple invasive interventions, catheter sheath left in the groin for an extended period of time, prolonged procedure duration, recurrent PCI, and location of the arterial puncture [10, 11] .
The RPH is most commonly observed as a complication of femoral arterial catheterization and pelvic or lumbar trauma. Spontaneous hemorrhaging without a marked determinant factor is called spontaneous RPH, a condition most frequently related to anticoagulant or antiaggregant treatment, hemodialysis, and bleeding diathesis [12] [13] [14] .
Consistent with previous literature, we believe that RPH occurring in patients after CC is a rare complication of the procedure [1] [2] [3] [4] . Although RPH can accompany subclinical bleeding symptoms, such as pain in the lower abdominal quadrant, femoral neuropathy, hypotension, nausea, and inguinal sensitivity or fullness [1, 15] , our study revealed that there is a significant relationship between RPH and the risk of mortality.
We ascertained that the incidence of RPH at our center during the 6 years covered by the study was 0.054% (68 RPH cases out of a total of 124,064 CC cases). Previous studies have reported varying incidence rates for CC-related RPH. Sreeram et al. [15] reported a CC-related RPH incidence rate of 0.15%, while Kent et al. [1] reported a rate of 0.47%, Frank et al. [16] reported a rate of 0.13%, and Eisen et al. [2] reported a rate of 0.18%. Other studies have also reported a higher rate of RPH incidence after PCI [3, 5] .
Although the controversy surrounding the treatment of RPH continues, conservative treatment is generally recommended for hemodynamically stable patients with no active bleeding symptoms [1, 2, 5, 16, 17] . There are no specific guidelines as to which patients should receive endovascular or open surgery, or under which circumstances it should be performed; in 1993, however, it was reported that endovascular treatment is an effective method for both iatrogenic and spontaneous RPH cases [17] [18] [19] [20] [21] [22] . In their 2016 study, Seropian et al. [22] recommended that patients suspected of having RPH after PCI, and whose hemodynamic stability could not be achieved within the first 30 min, should be transferred to the catheterization laboratory for endovascular treatment without further tests (USG, CT). Surgical treatment, on the other hand, has been recommended for hemodynamically unstable patients with failed endovascular treatment and for patients with abdominal compartment syndrome [2, 17, 22] .
Seventy-five percent of the patients with RPH had received conservative treatment, 13.2% had received angiographic stents, and 11.7% had undergone surgical treatment. A higher rate of in-hospital mortality inclination was observed in RPH patients treated surgically compared with those who had received medical and stent treatments. It is probable that accompanying cardiac problems, massive transfusion, and renal function disorders in these patients, for whom hemodynamic stability could not be achieved, increased the rate of mortality. We believe, however, that surgical treatment should be conducted when necessary (e.g., for unstable patients after endovascular stenting and for patients with abdominal compartment syndrome).
There were some significant limitations of our study. Ours was a retrospective observational study, which implies limitations in the study design. The main limitation was the absence of a control group paired with patients without bleeding. Furthermore, the population of our study was heterogeneous, as it included CC patients with various etiologies, including right cardiac catheterization. An additional limitation was the possibility that some patients with bleeding but not diagnosed might have gone unnoticed. These patients could include those with small-scale hemorrhaging, normal clinical results, and an absence of radiological screening assessments. Finally, we did not have specific data on the location of femoral arterial puncture in patients with RPH.
Conclusions
There is no randomized study that can guide the treatment strategies for RPH: evidence is based on small case series or on isolated case reports. Conservative treatment methods, such as follow-up in the intensive care unit, fluid resuscitation, blood transfusion, and the reversal of anticoagulant and/or antiaggregant treatment, have been used as effective strategies in most patients. In the cases of patients whose hemodynamic stability cannot be achieved in spite of aggressive resuscitation, however, we believe that the next step should be a percutaneous approach and that open surgery should be performed
